The animal was heparinized ( 1,000 IU/kg), and the recording system was filled with isotonic saline containing 25 international units heparin per milliliter. Heart rates were also obtained from electrocardiograms recorded differentially from three subdermal pin electrodes using a Grass model 79 polygraph.
The animal was housed in a polystyrene container to which water or MS-222 solution at 25°C could be added, with minimal disturbance, to a depth of 2 cm. In vitro experimentswere carried out on isolated innervated toad hearts. The animal was brain-and spine-pithed and the heart was exposed. Then, using the method of Campbell (1) In some cases the auricles were electrically paced through separate electrodes at 0.5-l beat/s. The effects of various concentrations of MS-222 dissolved in the bathing solution were determined.
To investigate the possibility of a direct action of MS-222 on the spinal cord, a semi-isolated preparation of the heart was devised in which only nervous connections with the rest of the body were maintained. Animals were brain-pithed and curarized (d-tubocurarine, 50 mg/kg).
McKenzie's solution, with or without MS-222, was pumped by a Watson-Marlowe roller pump through a 23-gauge hypodermic needle inserted caudally between the cranium and first vertebra.
The needle was only advanced for about 1 mm, and effluent solution was drained through a similar rostrally direct needle inserted at the base of the spine. With the exception of the arterial arches, bearing the cardiac nerves, the heart was dissected free and the ventricle was removed.
The innervated auricles rested in a 5-ml bath of bubbled
McKenzie's solution at 25°C. Functional innervation of the auricles was verified at the conclusion of the experiment by electrical stimulation of the vagosympathetic trunks. The evidence from these experiments was confirmed in whole animals in which either the brain or spinal cord, or both, had been destroyed by pithing with a needle. The pithing procedure was performed under MS-222 anesthesia, and the animal was allowed to recover only for sufficient time to determine whether subsequent reimmersion in MS-222 would produce a tachycardia.
These animals were then rapidly sacrificed.
Drugs used were bretylium tosylate, hyoscine hydro-bromide, and tricaine methanesulfonate (MS-222). Concentrations are expressed in terms of these salts. 
RESULTS
The average resting heart rate in conscious toads was 26 =t SE 1.18 beats/min.
When water was added to the enclosure the heart rate increased briefly, returning within 20 min to a mean of 29 & SE 1.13 beats/min.
If the water was then replaced with a 1: 1000 solution of MS-222, the heart rate was elevated even further and remained at an average of 46 rt SE 1.53 beats/min until the anesthetic solution was removed. Systemic arterial pressure also increased briefly during immersion in water but fell slowly when the animal was immersed in MS-222. It was therefore necessary to distinguish the relatively short-lived waterimmersion response from the more prolonged tachycardia observed during anesthesia. This was achieved by assessing the effects at least 30 min after the solutions had been changed. The data, assessed as shown in Fig. 1 At concentrations of MS-222 greater than about 1 X 10m6 g/ml the responses to vagal and sympathetic stimulation were progressively depressed, to be abolished at about 5 X 10e4 g/ml (Fig. 2) animal could not have been due to a direct action of the compound on the heart. The specific involvement of adrenergic nerves to the heart was demonstrated when the tachycardia was prevented by bretylium (5-10 "g/kg), a drug which blocks the release of transmitter substance from adrenergic neurons. Treatment with the cholinergic receptor antagonist hyoscine (0.1 mg/kg) increased the resting heart rate from an average of 18.9 h SE to an average of 33.0 it SE beats/min. Under MS-222 these animals had a mean heart rate of 45 & SE 4.90 beats/min, which was not significantly different from that in untreated anesthetized animals (P > 0.1; see Table 2 ). It did represent a smaller increase, but since the tachycardia could be completely abolished by bretylium, it seems unlikely that *MS-222 was acting, even in part, by inhibiting vagal tone. Tachycardia was absent in both spine-and double-pithed animals but persisted after brain pithing, a procedure which would interrupt any vagal afferent pathways to spinal sympathetic centers. The results of these procedures are summarized in Table 2 . Thus, the compound could act either by stirnulating a spinal afferent pathway or by directly activating the spinal centers for the sympathetic cardiac outflow. The latter seems likely, since perfusion of the spinal canal with MS-222 dissolved in McKenzie's solution ( low4 g/ml, pH 6.9) produced an increase in the contraction rate of innervated, semi-isolated auricles, comparable to that observed in the whole animal (Fig. 3) . Range of all points =t < 3 beats/min.
DISCUSSION
The results presented show that, at the concentration of MS-222 required to induce a surgical depth of anesthesia in Bufo marinus, the heart rate was increased from the average resting value of 26 beats/min to an average of 46 beats/min. This effect was absent after either spine-pithing or treatment with bretylium. It was also absent in doublepithed animals, but since these usually developed a marked sinus arrhythmia the results were not considered meaningful. In those few cases where the higher dose of bretylium ( 10 mg/kg) produced an arrhythmia, the results were ignored. Since a heart rate increase could be elicited by direct application of MS-222 to the spinal cord, it was concluded
